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(54) CnOCOB PPOMblLUJlEHHOrO nPOM3BOflCTBA OYJUIEPEHOB 



(57) Pe0epar: 

Hcnonb30BaHMe: no/iyweHM© hobux 
MarepnanoB /y^ onetcrpoHMKM, MeflHUHHbi, 

MaWMHOCTpoeHHR CyiUHOCTb M306peT6HMfl: 143 

rpacf)MTOBoro nopowKa, caxw n ocTaTKOB 
npeAbiflyLueR saroTOBXM npeccywT reepflyio 
ymepoflcoflepxcamyK) 3aroroBKy, npocywMBaioT 
HarpeBOM b BaKyyiUHoR icaMepa cnHTe3a 
4>ynnepeH0B. Oopiwa 3aroTOBKU oOecneHMBaeT 
oSpasoBaHMe Bcrpe^HO HanpasneHHux mjim 
nepeceicaiou^Mxcfl iiotokob ymepoAHbtx 
KnacrepoB. npocyweHHyio 3aroTOBKy HarpeBaroT 

flP 4300±100°C pOSklCTMBHblM, MHfly^HOHHblM 
MarHGTpOHHblM M©TOflOM HIM n©p©M©HHblM 
3T16KTpMHeCKMM TOKOM C MaCTOTOft 8-40 Kl~M B 

aaKyyMe win b cpefle aproHa. OAHOBpeiweHHo c 

Harp6B3HM6M 38J-OTOBKM npOI43BQ£flT JlOKaTlbHblfl 

Harpea ee noBepxHOCTw flyroawM 



to 



oneKTpmecmM pa3pnaoM. n*THO noicanbHoro 
HarpeBa nepeMeu^aioT no noBepxHoc™ 
saroTOBKH BpauieHneM npn HarpeBe b BaKyyiwe 
win c noMoti^bio KonbqeBoro MameTpoHa npvt 
HarpeBe b cpeflo aprona. TevinepaTypy 
nofca/ibHoro HarpeBa w CKopocrb nepeM©meHkm 
ero rwTHa BbiCupaiOT 113 ycnoBMn pa3pyuieHM« 
cnofi M30TepMMMecKoro rpacfwTa. 

O^HOBpeMGHHO C CHHTeSOM np0M3B0A«T 

OTfleneHne o6pasoBaBUJMXCfl <t>yjviepeHOB ot 
caxti nyTeM ncnapeHMfl tfcy/uiepe-HOB H3 
c6opHMKOB cam npH 
700-900 °C, <t>yjviep©Hbi 

4)pa«L(MHM 0flHOBpeM6HH0 

KOxineKTopax, HarpeTbix 
reMnepaTypHoro rpaflneHTa 400-480° 
TexHonornH aBnaerca 663otxoaho(i\ 10 
3.n.c$>-/ibi ( 4 mji. 



HarpeBaHMM 
paaflonfltoT no 

C CMHT930M Ha 
C 06pa30BaHM©M 
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(54) METHOD OF INDUSTRIAL PRODUCTION OF FULLERENES 



(57) Abstract: 

FIELD: carbon products. SUBSTANCE: 
invention relates to producing new materials 
for electronics, medicine, and mechanical 
engineering. Solid carbon- containing stock 
is pressed from graphite powder, carbon 
black, and previous stock remains. Stock is 
heat dried in fullerene-synthesis vacuum 
chamber. Shape of stock provides formation 
of counter-directed or crossing streams of 
carbon clusters. Dried stock is heated to 
4300 ± 100 C by resistive, induction 
magnetron technique or alternate current 
with frequency 8-40 kHz in vacuum or argon 
atmosphere. Simultaneously, stock surface is 



heated with electric arc discharge. Local 
heating spot is moved across stock surface 
using rotation (at vacuum heating) or using 
annular magnetron (in argon atmosphere). 
Local heating temperature and velocity of 
spot displacement is chosen from condition 
of isothermal graphite layer destruction. As 
synthesis proceeds, formed fullerenes are 
separated from carbon black by way of 
evaporating fullerenes from carbon black 
collectors when heating to 700-900 C. 
Fullerenes are separated into fractions 
simultaneously with synthesis on collectors 
heated to form temperature gradient 400- 480 
C. EFFECT: no waste produced. 11 cl, 4 dwg 
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H3o6peTeHne othocmtch k npoueccaM ana 
npoMbiujneHHoro CMHTesa, ommctkm m 
paaAsneHUH cfcynnepeHOB, 

Bnepsue cmhtos cJjynnepeHOB 6w/i onwcaH 
KaK npoLtecc ncnapeHMfl rpa<J)HTOBbix 
anetcrpoflOB npw pesacTHBHOM HarpeBe kjih b 
Ayre b aTMoafxspe MHeprHoro ra3a (Kraetsmer, 
et al. "Solid C60: A new form of carbon" 
Nature, Vol.247, p. 354-357, on Sep. 27, 
1990; "Production, characterization, and 
deposition of carbon clusters-, Y.K. Bae, 
et. al. Clasters claster* assem.mater. 1991 ] 
p. 733-741 (Mater.res.soc.symp.proc. Vol. 
206). 3tot cnocoo" nosBonneT npon3BOflnrb 
OKono 1 r cMecM cjjyjuiepeHOB b Mac nput 
coflepsKaHMM cfeynnepeHOB b caxe ao 15% 

H3BecTHbi m flpyrne cnoco6bi oiHTe3a 
4)ynnepeHocojQepjKame« caw: na3epHofl 
a6rmu>iefl (The formation of hydrogenated 
carbon clasters by laser ablation", N. 
Zhang, et. al. Chem Phys.Letters, 1993, 
Vol. 205, N 2/3, p.178-182; "Laser ablation 
of carbonaceous materials: a method to 
produce fullerens", E. Millon, et. al. C. R. 
Acad. .Sol. 11, 1992, Vol. 315, N 8, 
p.947-953; "Production of fullerenes by 
near-infrared laser", LLaska, Czech, J. 
Phys. 1993, Vol.43, N 2, p.193-195), 

nupo/iM30M h cjKuraHneM apoMarMMecicMx 
yrnaBOflopofloe ("Calculated equilibrum yields 
of C60 from hidrocarbon pyrolysis and 
combustion", J.T.McKinnon, J, Phys. Chem. 

1991, Vol. 95. N 22, p. 8941-8944; 
"Formation of C60 by pyrolysis of 
naphthalene", R.Taylor, et. al. Nature 

1993, Vol. 366, N 6457, p. 728-731; 
'Production of C60 and C70 fullerenes in 
benzene/oxigen flames", J.B.Howard, et. al 
J. Phys. Chem. 1992, Vol.96, N 16, 
p.6657-6662; "Pyrolysis of KH carbon 
residues: a method of further production of 
fullerenes and specific forrnstion of C 
J.V.Weber, et. al. J.Anal. Appl. Pyrolysis! 

1994, Vol. 29, N 1, p.M4), 
ajietcrpunecKHM paspa/jpM ("A simple 

technique of producing fullerenes from 
electrically discharged benzene and 
toluene", D.K.Modak, et. al. Indian J. Phys. 
A. 1993, Vol. 67, N 4, p.307-310), 

b rtna3Me ("Formation of fullerenes in MeV 
ton track plasmas", G.Brinkmalm, et. al. 
Chem. Phys. Letters, 1992, Vol. 191, N 3/4, 
p.345-350; "Novel method for C60 synthesis: 
a thermal plasma at atmospheric pressure", 
K. Yoshie, et. al. Appl, Phys. Letters! 

1992, Vol. 61, N 23, p. 2782-2783), 

B tom MMcne na3epHO« ("Fullerenes from 
laser production plasma", P.S.R. Prasad, et. 
al. Phys. Stat. Sol. A. 1993, Vol. 139, N 1, 
p,K1-K5), 

KOHU.eHTpupOBaHMblK/1 COHHeMHblM CB6T0M 

("Solar generation of fullerenes", L. 
P.F.Chibante, et. al. J. Phys. Chem. 1993, 
Vol. 97, N 34, p.8696-8700). 

06IHWM ATlfl BCeX 3TMX M6T0fl0B ABJlHSTCfl 

Ha/iMHwe aTMoexfcepbi MHepTHoro ra3a. 

KpOMe TOrO, M3B6CT9H CTIOC06, OCHOBaHHblfl 

Ha ncnapeHMM rpao>Ta sxiexTpoHHbiM nymcoM b 
BaxyyMe ("Electronic sputtering of 
fullerenes and the influence of primary ion 
charge state", G.Brincmalm, et. al. Nucl. 
Instrum. Methods Phys. Res. B. 1994, Vol. 
84, N 1, p.37-42; "Fullerene formation in 
sputtering and electron beam evaporation 
processes", R.F.Bunshah, et. al. J.Phys. 
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Chem. 1992, Vol. 96, N 17. p.l 

nonysaeMaa ca*a bo scex nepeMwcneHHbix 
cnocooax nn6o cocicpeoaercfl co creHox 
ncnapMTenbHort icaMepbi, a cfjynnepeHbt 
3KCTpampyioTca m me opraHUMecKHMM 
pacrBopMTenflM^i ("Supercritical fluid 
extraction of fullerenes C and C from carbon 
soot", S. Saim, et. al. Sep. Sci, Techno). 
1993, Vol.28, N 8, p.1509-1525) m 
pasflexiflioTCfl xpoMarorpacpMMecKMMM 
("Purification of gram quantities of C A new 
inexpensive and facile method", 
W.A.Scrivens, et. al. J.Amer. Chem. Soc 
1992, Vol. 114, V 20, p. 7914-7919) win 
MHbiMM MeTQAaMH ("Separation of C60 and C70 
with activated carbon", T.Rong, et al, 
Yingyong Huaxue, 1994, Vol. 11, N 3, p.112-114. 

Han6onee ojtmskmm k M3o6peTemi»o 
flBJiflera cnococ" nony^eHMfl c{)ynnepeHOB, 
onucaHHbiR b ciarbe Kraetsmer etal. 
npMMeHfleMufl b Hacfoamee Bpeiwi Ana 
npoasBOACTBa o>yjuiepeHOB. 3tot cnocoB, icax m 
flpyrne M3BecrHbie cnocoCbi, wvieeT cneflywuine 
HeAocraTKM. 

Bee yioaaHHbie Bbiiue TexHononw 
no3BO^K)T nonynaTb nuiub Manbie KonuMecTBa 
o>yruiepeHOB, KOTopue MoryT 6biTb 
ncnonb30BaHbi ToribKo b 3KcnepnMeHTanbHbix 
Uen«x. nonyqeHMe 4>yn/iepeHOB b 
SHannTenbHbix KontmecTBax, yflOBrteTBopatoinMx 
norpe6HOCTM npoMbiiiineHHOcm, yica3aHHbJMH 
CnOC06aMM H6B03MOWHO. KpoMe Toro, B 
npouecce ncnapeHUfl rpacj&Mra Ha 3aroTOBKe 
mowot o6pa30BbiBaTbcfl cnofl w30TepMnqec»coro 
rpao>ra, npenflTCTByK>mn& aanbHeflujeMy 
McnapeHMio, HapacTaTb AasneHMe ra3bB BHyTpn 
3aroTOBKM, mto npMBOflMT k ee paspyiueHMto, b 
pe3yjibTaTe ^ero npou,ecc HarpeBa 
npexpamaeTCfl. 

TexHMMecKofl saflaMefl H3o6peTeHnn 
ABfineTcn odecneweHne bosmo^choctm 
no^yMeHMfl c>y/uiepeHOB b KOJikmecTBax, 
yfloaneT8opflK)U4MX noTpeGHocru 
npoMbJLuneHHocTM, nvTewi noBbiiiieHMfl 
npot43BOAMTenbHocTn cMHTe3a o>yjinepeHOB, a 
TaioKe yMeHbUjeHMe otxoaob npw npon3BOflcrBe 
c>y^nepeHOB. TexHUMecKofl saAanePI 
M3o6peTeHMfl qsjifleTCfl Ta»Ke ooecneHeHne 
ohmctkm M pasoeneHW cjDynnepeHOB b npouecce 

MX CMHT638. 

B ocHose M3o6peTeHMH na-mr HaojiJCsAeHne, 
mto HenocpeflCTBeHHo M3 anMa3a <})yrtnepeHbi 
He o6pa3ytoTC« hm npn icaKnx ycnoBMHx, m 
HaooopoT, MeM oonbLue b mcxoahom Beu^ecree 
coflepwHTca KpucrajinMHecKnx ctjparMeHTOB 
"rpac>HTOBoro" tuna, to ecTb ruiocKnx 
reKcaroHOB C 6 , TeM Bbiuje buxoa o>ynnepeHOB. 
CnefiOBaTenbHo, nepBMHHbiM cTpoMTeribHbiM 
MaTepnanoM ppn o>yn/iepeHOB flB/ratoTca He 
OAMHOHHbte araMbt vim Ma/ioaTOMHbie Knacrepw 
c MMcnoM a tom OB Menee iusctm, a nnocKne 
cj)parMeHTbi tcpucTanjiHMecKOtt CTpyKrypbi 
rpacpMTa. TaKne (fparMeHTw o6pa3yk>TCfl npw 
3HaHHTenbHo MeHbiunx sHepreTMwecKnx 
B03AeftaTBMax Ha Beu^ecTBO, msm sto TpeoyeTCH 
An« aTOMMsai^kin. C 3to« tohkh 3peHMA 
M3BecTHbie cnoco6w cwHTe3a (fcyruiepeHOB 
npnHunnnaribHo Maxi030>c|>eKrHBHbt, TaK ksk b 
hmx sHaHMTenbHaa nacrb npnno)KeHH0« H3BHe 
m\A o6pa3yK>meflcfl b xoAe peaKunw TennoBoft 
aHeprviM pacxoflyoTC« hm8hho Ha aTOMWsanwo 
ymepoAa. 

B to xe Bpewfl, KaK notcasann 3KcnepnM6HTbi 
Ha Bpeiwwipo/ieTHOM Macc-cneKTpOMeTpe, 
BpeM« xm3hh KpynHbix ymepoAHbix KnactepoB c 
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muctiom stomob n>18 oocTaBnfleT MeHbwe 10 mc 
(b BaKyyMe). C/ieAoaaTejibHO, rwoTHocTb 
KnacTepoB flonKHa 6bitb TaKosa, MTo6bi ohm 
ycnenn aa epeMH MeHee 10 mc 
npoB3aMMQfleflcTBOBarb m o6pa30Barb 
cra6nnbHyto aaMKHyTyio crpyicTypy <t>ynnepeHa. 

Heo6xoAHMbie ycnoBMfl CMHT63a 
AOCTMraiOTCfl b BaKyyMe win cpeAe MHepmoro 
rasa, ecru opraHwaoBaHw BCTpeMHbie noTOKM 

HM3K03Hepr9TMM9CKMX KfiaCTepOB, 

sMMTTMpyeMbix c noBepxHOCTM HarpeTorp 
rpac|)MTCOAep>Kai4ero TBepAoro Tena npn 

OAHOBpeMSHHOM yA&JieHMM C flOBepXHOCTM CJlOfl 

M3orepMHMecxoro rpacfcma. 

TawiM o6pa30M ( nocraaneHHafl 3aAana 
pewaeTCH tqm, mto b cnocoCe npotraBOACTBa 
cfernnepeHOB, BKnicwaiomeM oopaaoBaHwe 
ymepoAHbix KnacTepoB c n/iocKofl 
reKcaroHajibHort CTpyKrypoM' nyTeM HarpeBaHMfl 
TBepAoR ymepoAcoAep)KaiAe« aaroTOBKM ao 
TeMnepaTypw 3MMTTMpyiomeR noBepxHOCTM 
4300± 100°C w nocxieAyKJLUnR cnHTe3 M3 hux 
MOJiexyji cfcywiepeHOB, cMHrea Mo/ieicyri 
(£ynnepeHOB npon3BOA«T bo BCTpesHo 
HanpaB/ieHHbix m/mjim nepeceKatoiuMxc* noTOKax 
ymepoAHbix KnacTepoB, npM stom 
0AH0BpeM6H ho c HarpeeaHMeM 3aroroBKM 
npon3BOAflT noKa/ibHbi« Harpee noBepxHoc™ 
aaroTOBKn nocpeflCTBOM AyroBoro 
3JieiapM^ecKoro pa3psiAa, npwneM nwHo 
/lOKa/ibHoro HarpeBa nepeMeujaior no 
noeepxHocTn 3aroroBKn, a TeMnepaTypy 
JiOKajibHoro HarpeBa v\ CKopocrb nepeMemeHMH 
n^THa noKanbHoro HarpeBa BbiCwpaiOT M3 
ycxioBM« paapyiiieHMfl cnoa M30TepMMwecKoro 
rpacfHTa, 

B MacTHOM cxiywae HarpesaHvie aaroTOBxu v\ 
CMHT63 Mo/ieKyn cfcy/uiepeHOB npon3BOAflr b 
BaKyyMe, TBepAoa yrnepoACOAepwame* 
3aroTOBKe npwAaior c|x)pMy, oDecne^MBawuwK) 
o6pa30BaHne bctdqmho HanpaaneHHbix mjim 
nepeceKaioinnxcw hotokob ymepoAHbix 
KnacTepoB npM ee HarpeBaHMM, a nepeMeujeHMe 
n«THa noKa/ibHoro HarpeBa ocymecTanaioT 
BpameHneM 3aroTOBKM. npw otom 
napa/uienbHbie vim HaxoAfliUMecw nofl 
He6onbuiMMM yrnaMM noBepxHOCTW 3aroroBKM 
83a m mho HarpesaioTCfl wanyMeHneM, m 
TeMnepaTypa mx 3HaHMTexibH0 npeBocxoAMT 
reMnepaTypy na BHeojHux noBepxHocTax, a b 
cnywae noBepxHocTHoro HarpeBa m TeMnepaTypy 
BHyrpM o6"beMa. 

B APyroM MacTHOM cnyMae Bbino/iHeHMA 
HarpeaaHMe aaroTOBKi/i m gmht63 MojieKy/i 
(J>yji/iepeHOB npoM3BOAflT e cpeAe 
aproHa.BCTpesHyio HanpaaneHHOCTb h/mjim 
nepeceyeHHe fiotokob ymepoAHbix KnacTepoB 
ooecnBMM BaiOT MamwTHWM noneM, oopaayeMbiM 
a/ieiapMHecKofl Ayrofl m KaTywKoH xoxibijeBoro 
wameTpoHa, ycTaHOBJie+mofl coocho c 
3aroTOBKOM\ a nepeMemeHwe naTHa noKanbHoro 
HarpeBa ocymecTBjwifOT c noMoi^bio Konbi^eBoro 
MameTpoHa, npn stom o6ecneHHBaioT 
AononHMTenbHwW HarpeB SMMTTupytoiAeiil 
noBepXHocTH nocpeflCTBOM B03fl,e^cTBHfl Ha Hee 
MOHaMM aprona, oepaaytoi^MMMCfl b ruia3Me 
ajieKTpMMecKOfi pyrw. 

npw 3tom HarpeBaHne TeepAoPi 
yrnepoA0OAep>KaineW aaroTOBKM npow3BOAflT 

pe3HCTMBHblM, HHAyKlJHOHHblM, MameTpOHHblM, 
na36pHbiM M/1M HHbIM M8TOAOM, 

fln« yBe/iMMeHMR awxoAa cpyiirepeHOB s 
3aroTOBKy npnBOA«T b KoneoaHUJi co 3ByK0BOM 

mV\ CBBpX3By KOBO R HaCTOTOft, npM 3TOM 

onTHMavibHbiM Anana30H MacroT npw HarpeBa 
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cocTaarmeT ot 8 ao 40 Kr \\. no-BMAMMOMy, sto 
flaneHu© o6ycnoBneHo o6pa30BaHH6M ctohmhx 
bohh b aTMOccfcepe napoa yrnepoAa, hto 
y/iyMiuaeT ycnoBna B3anMOAef*cTBHfl KnacTepoB 
ApyrcApyroM. 

KpOMe TOTO, OAHOBpeMeHHO C CMHTe30M 

Mo^exyn cfcynnepeHOB npon3BOA«T OTAexieHiie 
mx ot cam 

B nacTHocTM, OTAeneHne c()ynnepeHOB ot 
cam npoM3BOA*T nyTeM ncnapeHMfl 
cfcynnepeHOB M3 cOophmkob cam npM 
HarpeeaHMM wx ao 700-900°C, 

KpoMe Toro, nocne OTAeneHMfl (}5yjuiepeHOB 

npOM3BOA«T COOp C3JKM, CMOlUMBatOT CSJKy c 

nopoiUKOM rpac^iiTa, npeccytoT m 3toR cmocm 
HOByio 3aroTOBKy m npocyujMBaioT ee b BaxyyMe. 

. B MacTHOCTM, npocyajMBaHMe aaroTOBKM 
ocymecTBnflibT nocpeACTBOM ee HarpeBa b 
BaKyyMHofl Kawepe Ann cMHTesa ct>y/mepeH0B. 
rioMMMo 0TAeneHM» (fcyruiepeHOB ot cajKM 

OAHOBDeMeHHO C CMHT630M MO^eKyfl 

ctyrmepeHOB npoMSBOAflT mx pa3AeneHiie Ha 
*paKi^MM no MoneKy/iflpHOMy Becy. 

B nacTHOCTM, pa3AeneHMe 4>ynnepeHOB Ha 
cf3pa^MM npoM3BOA«T Ha KOJUieKTopax, 
HarpeTbix c o6paaoBaHMeM TeMnepaTypHoro 
rpaAMeHTa ot 400 ao 480 °C. 

Ha 4>wr. 1 M3o6pa>KeHa cxeMa npoLtecca 
npoM3BOACTBa ct>ynnepeHOB; na 2 - cxeMa 
MO/ieKyn«pHbix noTOKOB npw o6pa30BaHMM 
♦yn/iepeHOB b BaKyyMe c ncnonb30BaHMeM 
3aroroBKM cnei4na/ibHO« o>opMbi; Ha <pw. 3 
M3o6pa5K©Hw B03MOKHbie BapMaHTbi yr/iepoAHbix 
sMMTrepoB m cnoco6bi nx eo36y>KAeHMfl: a) 
peaMCTMBHbiK m b) MHAyKi^MOHHbit) HarpeB; Ha 
4>nr. 4 noKa3aHa aasncMMocTb Bbixoaa 
<(3ynnepeHOB ot MaoroTbt nepeMeHHoro toio npn 
a) pe3MCTMBH0M m b) MHAyKi^MOHHOM. HarpeBe. 

CxeMa npoLjecca npoMasoACTBa 
4>y/iJiepeHOB M3o6pa5KeHa Ha $Mr.1. 

rioATOTOBica cm ecu BKTltOMaeT 

roMoreHM3aunK> b MMKcepe cmbcm m3 
rpacfjMTOBoro nopoiiiKa, ca^w m oct3tkob 
npeAbiAymefl saroTOBKH. 

npeccoBaHne aaroTOBOK b BMfle aiatiG 
ocymecTBTiReTCfl Ha npecce. 

CyujKa saroTOBOK npon3BOAMTcn cnaMaha b 
3/ieKTponeMM na B03Ayxe npw TeMnepaType 
400 °C, a 33T6M HenocpeACTBeHHO a pa6cNefl 
Kawepe ycraHOBKM npw TeMneparype 1000°C c 
OTxaMKoil BbweriflK)iAMXc« ra30s BaxyyMHbiM 

H3COCOM. 

CMHTe3 c{)ynAepeHOB b BaKyyMe hdomcxoaut 
Me>Kqy napannenbHbiMM mjim HaxoA^iAViMMCfl 
noA ymoM noBepxHocT«MM HarpeBaeMbix 

SarOTOBOK. 3cfX})eKTMBH0e OMMTTMpOBaHM© 

MeTacraenjifaHbix KnacTepoB Cn, rAe n 2.18 
HaMMHaeTcn npn 1,^43001 100°C, sto Ojimsko 
k TeMnepaType nnaBJieHMfl rpacfiMTa. 
3MMTTMpytoujiMe noBepxHoc™ Baa MM HO 
HarpeBaiora Ma^yMeHweM (4>Mr.2) ao 
TeMneparyp T i( T 2 > 4300°C. 
TeMnepaTypa Ha hmx npeeocxoAMT TeMnepaTypy 
KaK na HapyjKHbtx noeepxHocTfix aaroTOBKM 
(TO, KOTopbie TepjiioT Tenno aa cneT 
M3nyseHMfl, TaK m BHyTpM o&beMa 3aroTOBKM 
(To). He npoHMKaeT HarpeBaio^an 

3HeprMfl. Bo M36excaHMe noxiHoro paspytueHMA 
3MMTTepa npoLiecc cMHTeaa cpy/inepeHOB 

A0JDK6H npOBOAMTbCfl A0CT8TOMHO 6blCTpO, 

mto6w cpeAHflfl TeMnepaTypa aMMirepa He 
ycnena aa cneT TennonpoBOAHocTM cpaBHflTbc« 
c TeMnepaTypaMM Ha sMMTTwpytotAMx 
noeepxHOCTflx. 3to Tpe6o Banna AOCTMraeTca 
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npn ycnoBUHx aoctbtomho paaBmoPi 

rtOBOpXHOCTM 3MMTTepa M A0CT3T0MH0 OOJlbLUOH" 
MOmHOCTM WCTOMHUKa 3H9pronMTaHMfl. B 

peaynbTaTe nponcxoflMT oruiaaneHne TonbKO 
smmttmpykhamx noeepxHocTeR m npeBpameHwe 
mx b $y/uiepeHbi, a mbhbq HarpeTbie viacrn 
OMwrrepa ooxpaHfltoTcfl b TBepflOM BMfle m Moryr 
6biTb ncnonb30BaHbi b KaMecTBe cwpwi Ana 
noBTopHoro cnHT63a. KoHKperHwe anaMeHM* 

nOABOAHMOfl MOI4HOCTM M BP6M6HH CHHTesa 

onpeAonwtoTCfl 4>opMoR aMMrrepa m cnocoooM 
nQABOfla 3HeprnM m mop/t BapbMpOBaTbca b 
npeAenax ot 100 kBt m Bbiwe m ot 10 ao 60 c. 

npH 3TOM 10-70% MaCCbl 3MMTT6pa M0X6T 

npeBpaTMTbcw b <t>ynnepeHcoAep)Kamyio caa<y c 
ccAepacaHMeM none3Horo npoflyjaa 5-20% m 
Bbime. 

BcTpaMHO Hanpas^eHHue m 

nepeceKaioiMMecfl hotokm ymepoAHbix 
unacTepoB mop/t 6biTb opraHM30BaHbi 3 cpeAe 
aproHa aa cner nepeceicawmwxcfl MarHMTHbix 
no/iefl. MoHnanpoBaHHbie aTOMw aproHa, 
yflapHACb o noBepxHOCTb 3aroTOBKM, Bbi6npa»OT 
MeTacTa6nnbHbie wiacTepbi ymepoAa. 

npii aoctmx6hmm TeMnepaiypu aaroTOBKH 
3500-4500°C Ha ee noBepxHocTM o6pa3yeTca 
cnofl M30TepMMMecKoro rpa<Jwra. fl™ yp&neHm 
3Toro cnofl c noBepxHocTM aaroTOBKM Me>Kfly 
3aroTOBKOfi (KaTOA) m KopnycoM KaMepbi (aHOfl) 
nofl>KMraeTCfl 3/i6KTpMM6CKaR flyra. Kpoiwe Toro, 
b cnyMae aano/iHeHM* Kawepw aproHOM, mohw 
aproHa, o6pa3yeMbie b nna3Me ajieKTpMMecKofl 
fly™, yAapaioT o noBepxHOCTb aaroTOBKM n 
AononHMTenbHO paaorpeBaiOT ee, BbioMaafl 
KnacTepbi yrnepoAa. npki Mcnonb30BannK 
3aroTOBKM cneunanbHofl qbopiubi tcaTOflHoe tirtho 
nepeMemaioT no OMMTrnpywmeB noBepxHocTM 
3aroTOBKM Bpau^eHneM 3aroTOBKM. B APyroM 
cnywae KaTOAHoe oatho epainaiot paBHOMepno 
no TOpueBOfi noBepxHocTM aaroTOBKM 
HunnHApuMecKOft qtopMbi c noMombio 
KOJibueeoro MarneTpona. Ha MecTe KaTOAHoro 
n«THa B03HMK86T TOMnepaTypa 6000 °C vs Bbuue, 
Mcnapflfl TaKMM o6pasoM cnofl MaoTepMMMecKoro 
rpaqbma b aoHe jioicanbHoro HarpeBa m 
orKpbiBafl BOSMOKHocTb AaJibHeawero 
3MHTTnpoBaHMfl ymepoAHbix KnacTepoB. 
PewtMbJ (CKopocTb BpameHkw KaroAHoro n*THa ( 
cxopocTb BepTwcanbHoro nepeMemeHMji 
3aroTOBKM, TeMneparypa b nsTHe noKanbHoro 
Harpesa) Bbi6npaioT TaKMM o6pa30M, HTo6bi 
reKcaroHbi rpacfWTa noABepraxincb 
HanM6Hbiu3My wcnapeHMio. 

Ha npaKTMKe CMHTea MoaceT ocyiAecTBnflrbCfl 
B ycTpoWcTBe, OCHOBHOft MacTbto KOToporo 
flBnfieTCfi BOAooxnajKoaeMafl BaicyyMMpoBaHHafl 
win sanonHeHHaa aproHOM KaMepa M3 
HepJKaBeiomefl orajin, b ^eHTpe KOTopoft 
pa3MemaeTca HarpeBare/ibHbifl sneMeHT, 
HanpMMep, Koribi^eBofi BOAOoxnaroaeMbirt 
MHAyicrop M3 Me ah. no ocki HarpeeaTenbHora 
3/ieMeHTa MHAyiaopa pacnono)KeH 3Mimep, 
npeACTaajwioiUMfl co6o« crep^eHb, 
cocraBneHHbiR H3 msm 3aroT0BOK ( nnoo 
saroTOBKy unnnHApuMecKOM 4>opMbi. 

ripvt BKfiK)H9Hnn HarpeBaTenbHoro 3/ieMeHTa, 
HanpuMep, npw noAKmoneHUM nnAyKTopa k 

MOtMHOMy BblCOKOMaCTOTHOMy MCTOMHUKy Totca 

npoMcxoAUT pa3orpeB 3MMTTnpyK)i4ert 
noBepxHocTM saroTOBKM. MexaHH3M 
nepeMemeHMji ocyiAeoTB/ifieT ABtwcenne 

SarOTOBOK C TaKOfl CKOpOCTbtO, MT06bl BHeUJMM6 

MacTM iuaf»6 saroTOBOK ncwTM no/iHOCTbio 
ucnapifWMCb, a BHyTpeHHue He ycnenn npw stom 
pacnnasnTbc^.B nojiocrnx, o6pa3oeaHHbix 
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BbicTynaiomMMM KpanMti wafle, nponcxoAHT 
MHTOHCMBHO8 oSpaaoBaHne cjy/inepeHoe m 
ca>KH. Oahobpbmbhho nyTeM npwiOKeHMS 
paaHocTM noT8H4najiOB ue^Ay 3aroT0BK0« n 
KopnycoM KaMeptJ nowMraeTCfl 3/i9KTpMHecKafl 
Ayra. nepeiuie^eHMe KaroAHoro nflrna mokot 
6bnrb AocrnmyTo TaoKe Bpau^eHneM saroTOBKM. 

B APyroM BapwaHTe awnonweHMfl 
nepeceKaioiniiecfl noroKM yr/iepoflHbix 
KnacrepoB, aMMTTupytoinMX c TopL^eBoW 
nosepxHOCTM aaroTOBKM, opraHM3yK>TCfl aa cmot 
HajioxeHiw MarHMTHoro nana KOuibMeBoro 
warHOTpoHa, KaTyujica Koroporo pa3Meu;eHa hba 
TopueBofl noBepxHOCTbio aaroTOBKM. BpaujeHHe 
KaroAHoro n^THa, b kotodom o6paayeTCfl aoHa 
noKaxibHoro HarpeBa.ocyo^ecTBnflioT 
nocpeACTBOM noAaww roica Ha KarytiJKy 
Ko^bneBoro ManneTpoHa. 

riocne wcnapeHMW 50-70% BetnecTBa 
HCXOAH08 3arOTOBKM mctomhuk 3HepronMTaHMA 
oTKrifOMaercfl, u xaMepa oxna>»«aeTCfl n 
pa3BaKyyMwpyeTCfl. KoHeMHbiM npoAyKTOM b 
stom cnyMae flB/weTca cpynjiepeHCOAepJKainafl 
caxa, KOTopaa yAa^neTCfl M3 Kamiepbi 
M8X3H H M6CKMM cnocoooM. 

npM He06X0AMM0CTM nOJiyMeHMfl MMCTOPI 

cMecM cfyjuiepeHos OTAembHO ot caxoi b Kaiuepy 
ycTaHaaniiBaioT BepxHkift h hwkhm« coophkkh 
caxw, npeAcraanflioiuMe coe5o« gmkoctm H3 
TepMocToftiooro MeTanna, Hanpniwep 
Bonbc|}paMa t b bhab Konei^. B npouecce cnHTe3a 
coopHMKM HarpeBawTCH ao 1200-2000 °C. 
BepxHutt coopHMK aaKpuT cBepxy t a hhkhm* 

CHM3y MOTIM6AeHOBblMM Q>H/lbTpaMM c 
0TB9PCTMRMM 10-100 MKM, 

npn cMHTe3e OKono 90% caxki CKannnBaeTCH 
b HMKHeM c6opHMKe, ocranbHafl b sepxHeM. npM 
yKaaaHHoft TeMnepaType npowcxoAMT 
cy6/iMMaHHfl cjjyjuiepeHa m ero Anc|)ct)y3MH 
CKB03b caxy k MeHee Harperwiw MacTflM KaMepw. 
TaKMM oCpaaoM, nponcxoAMr HaKoniieHne csukm 
b coopHUKax, TorAa kbk <})y/inepeHbi 
koh a©h cm py (OTCfl Ha creHKax (cawepu, oncyAa 
ohm MoryT 6biTb yAaneHbi MexaHMMecKMM 

CnOC050M. KOHSMHbIM npOAyKTOM 3A6Cb 

flanfleTCfl cMecb cpynnepeHOB C eo, C70 m 
buciumx, a TaKKe ca^, npMroAHan atwi 
AanbHe^iuero Mcnonb30BaHMfl, b tom MMcne An« 
oieAytou^ero t^Mtcna cMHTeaa, 

flpM H806XOAMMOCTM M0»8T 6bJTb 

npon3B6AQHo pa3AeneHMe cfjyjviepeHOB Ha 
cfipaKt^MM no MoxieKyjiflpHbiM eecaM. fln« stoto b 
KaMepy Ha coophmkm caxw u ycTaHaanwBatoTca 
BepxHM© m HWKHm KOjuie«Topbi cfcyjwepeHOB, 
npeACTaBnatoiuMe co6ot* KOJib^a Ma msam c 
BepTMKajibHbiMM KaHajiaMM. KonneKTopu 
HarpeBaiOTCfl 3a cmbt TennonpoBOAHOCTM ot 

COOPHMKOB CaXM f M BAOJIb MX KaHaXlOB 

o6pa3yeTCfl rpaAMeHT ot 480 ao 400 °C, 

B npoLjecce CMHTeaa napbi 4>yjuiepeHOB Ma 

COOpHMKOB CeUKM fipOXOAHT MeDG3 K8HaJ1bl 

Kon/ieKTopoB (fyxuiepeHOB m kohaqh cMpy kjtca b 
hmx b cooTBeTCTBMM c mx TeMnepaTypaMM 
cyS/iMMauMM, KOTopwe aaBMcnt ot 
MO^eKynnpHoro Beca. Ha 67imwhhx Konneicropax 

KOHA6HCM py 6TCfl CMOCb BblCUJMX 

$yn^epeHOB Ore, Cb2 m ApyrMX, Ha ApyrMX 

C 7 0, Ha OCTa/lbHbDC C 60 . KOHdHHblMM 

npoAyiaaMM aAect flBnwtoTCfl ca)xa, KOTopyio 
mo)kho Mcnonb30BaTb npM nooieAyiou^eM 
CMHT83e, h yKaaaHHbte (JjpaKHHM cJ)y/inepeHOB. 

OynnepeHbi, cymecreoBaHMe xoropbix 6bino 
ycTaHoaneHO b cepeAMne 80-x roAos, a 
34x})eKTMBHaR TexHonorwA nonyMeHMn 
paapaootaHa b 1990 r. mem Oonbiuoe 



o 

o 

U) 

<0 
00 

o 



i 



O 

00 

o 
© 



npHKnaAHoe 3HaM9Hne, 

HHTepec k nccneflOBaHMflM cfcymiepeHOB 

CBflSaH, C OAHOfl CTOpOHbl, UJWDOKVIM 
pa3H0O6pa3H6M HOBbK <$H3MK0-XMMW48CKWX 

flBneHMi^, KOTopwe hpomcxqaht npn ynacrnn 
cf)ynnepenoB, a c Apyrofl ctopohw 
MHoroo6pa3HbiMn nepcneKTutaaMM npwcnaAHoro 
ncnonb30BaHMR 3Toro HOBoro Knacca BeiuecrB. 

PeaynbTaTbJ MconeAOBaHHfl, BbinonHeHHbix b 
nocneAHkie roAbi, yicadbiBaioT Ha 3HaMHTe/ibHbie 
nepcnetcTMBbi ncno/ib30BaHMfl 4>ynnepeHOB n 
MarepweuiOB Ha wx ochobb b pa3JWMHbix 
ooViacTflx Hayw m TexHonorwM. TaK, 
McnonbdoaaHkie cfcynnepenoB b KanecTBe 
npucaAKM k cMaaoMHouy Macny cyu^BCTB8HH0,A0 
10 paa CHuxaeT kd3$4mi4M6ht TpeHMP 
MeTannnMecKnx noBepXHOCTeH n 

COOTBOTCTBOHHO ROBblLIJaeT KSHOCOCTOflKOCTb 

AeTsmefl m arperaToe. OynnepeHw MoryT 
ncnonbaoBaTbCfl raiwe b KaMecTBe ocHOBbi Ana 
npon3BOftCTBa aKxyMy/iftTopHbtx CaTapefl, 
o6naflajoa\Mx 6onee BbicoKoft 30<feeKTHBHocTwo, 
MajibiM bbcom, a Tatwe SKonorviM ecxoft ki 
caHnrapHofl 6e3onacHOCTbK> no cpasHeHMto c 
coBpeMeHHbiMn aKKyMyriflTOpaMM. 

Paapa^aTbiBaiOTCA raioKe APyrue 

B03MOXHOCTM KOMMepHOCKHX npttM8H6HklH 

cfjynriepeHOB, cBfisaHHue, b MacxHOcru, c 

pa3pa60TKOft HOBblX KOMnOSHlJHOHHblX 

MaTepnanoB, co3AaHneM KpacnTejie8 Ann 
Konkipo&anbHbix annapaTOB, $oTonpneMHHK08 ( 
3ji©MenTOB naMATu m onroajieKTpoHHboc , 
yoTpoftcTB, afiM33Hbix n anMaaonoaooHbix 
nneHOK, neKapcTBeHHbtx npenapaios, 
CBepxnpoBOARiMMX MaTepwanoB n AP Ocoooro 
BHMMaHne 3acny>KHBaeT npo6/ieMa 
ncnonbaoBaHWH cJjyn/iepeHOB b Memu^ne h 
cpapMaKonomn, ocoCeHHO hash oo3AaHMR 
nporiiBopaKOBbix npenaparoB Ha ootoBe 
BOflopacTBOpuMbix coeAUHQHMM cfcyjviepeHOB . 

B HacTOflLi^ee Bpewa atkipoKoe BHeApeHkte 
TQXHonorMM, wcnonbaytoLi^wx 
4>yJir)epaHCQAep>Kau4Me MaTepnanbt, 

3aTpyAH6HO B CBH3W C OTHOCHTeilbHO BblOOKOH 
CTOHMOCTbtO 3TMX MaTepwa/IOB. 

rtpeAnaraeMbiR cnoco6 npouoBOACTBa 
dDynnepeHOB He hmsbt npnHunnnajibHbfx 
orpaHvmeHnW no npoMasoAHTejibHoc™ w 
o6ecneHMBaeT oeaoTXOAHwB h oKonorvmecKn 
HkicTbid npot^ecc cHHTeaa 4>ynnepeHOB. 

OopMyna M3o6peTeHMfl: 

1. Cnocoo" npoiOBOAPTsa (fcynnepeHOB, 
BKniOMawLMuR o6pa30BaHne yrnepoAHbix 
xnacrepoB c nnocKOfl reKcaroHajibHOfl 
CTpytcTypoPt nyT6M HarpeBaHM* TBepAoR 
ymepoACOAepacauneH saroTOBKM n 

nocneflytomuM cmht93 ms hhx MOJieKyn 

OyjlJlSpSHOB, OTilMMaiOmMflCfl TBM, MTO 

HarpeBaHne aaroTOBKH BOAyT ao TeMnepaTypw 

3MMTTMpyiOmeW nOBQpXHOCTM 4300 ± 100°C M 

chht63 MOJiexy/i 4)yxuiepeHOB npon3BOAflT bo 
BCTpeMHo HanpaeneHHbix n/nnn 

nepeceKatoiMUxcfl noTOKax yrnepoAHbOC 
unacTepoB, npii stom oahobp©m6h ho c 
HarpeBaHkteM aaroTOBKM nponsBOA^T zioKanbHbtA 
HarpeB noeepxHocru aarotoBKn nocpeACTBOM 
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AyroBoro anetapkmecKoro paapnoa, npMMeM 
nmHo zioKanbHoro Harpeaa nepeMetiiaiOT no 
noBepxHOCTki 3aroTOBKM, a TeiunepaTypy 
JioxaiibHoro Harpeaa m CKopocTb nepeMeu^eHUP 
n^THa xioKa/ibHoro HarpeBa Bbi6npaK)T n3 
ycnosnfl pa3pyuieHMfl cnofl M30TepMHMecKoro 
rpac^MTa. 

2. Cnoco6 no n.1, omkmaioiAMklcw reM, mto 
HarpeBaHMe aanoTOBKM n cmrez Mo/ieicy^ 
4>ynnepeHoe nponaeoAflT b saKyyMe, TBepAofl 
ymepoAcoAep^autefl aaroTOBKe npnAatoT 
4>opMy t oGecneHMBaK)ii4yto oGpaaoBaHne 
bctdbmho HanpaB/ieHHbix uijiM nepeceioiotAMxcfl 
noroKOB yrnepoAHbix tcnacTepos npn ee 
HarpeBaHMM, a nepeMeiAeHwe nnTHa noicanbHoro 
narpeBa ocymecrBJiflioT BpauneHMBM aaroTOBKM. 

3. Cnoco6 no n.1, OT/iM^aiOLUn^cfl TeM, mto 
HarpeBaHne 3aroTOBKM m chht63 MOJietcyn 
4)ynnepeH08 npoi/i3BpAHT b cpeAe aproHa, 
BcrpeMHyic Hanpae/ieHHocrb n/(4nn nepeceneHne 
noTOKOB yrnepoAHbix KnacTepoB o6ecneMMBatoT 
MarHMTHNM nojieM, 06pa3yeMbiM aneiapimecKOkl 
Ayrofl m KaTyujKoR Konbuasoro MarHeTpoHa, 
ycTaHOBneHHoR coocho c 3aroTOBKoH, a 
nepeMeiueHne nnTHa noxanbHoro HarpeBa 
ocymecT&JifliOT c noMombio KO/ibqeBoro 
MameTpoHa, npvi otom o6ecne^MBaK)T 
AonbnHHTenbHbift HarpeB 3MMTTnpyiotnef* 

nOBSpXHOCTM nocpeACTBOM B03Ae^CTBM» Ha Hee 

noHaMn aproHa, o6pa3yK9u;MMMC» b nna3Me 
3/iexrpumecKoft AyrM. 

4. Cnoco© no nioooMy M3 nn.1 3, 
oTjwHaioinkiRcfl TeM, hto HarpeeaHne TBepAofl 
ymepoAcx3Aep>KaLAePi 3aroroBKkt npokisBOA^r 

pe3MCTHBHblM ( Mfl\A HHAyKUHOHHblM, HHM 

MarHeTpoHHbiM, mn MHbiM mbtoaom. 

5. Cnoco6 no JiioooMy W3 nn.1 3, 
OTJiMHafoiukiklca TeM, 4to HarpeBaHne 
ocyiuecrre/iHiOT c Mcnonb30BaHMeM nepeMeHHoro 
oneKTpMMecKoro tokb c MacroTofi 8 - 40 Kfi;. 

6. Cnoco6 no n.1, OTnuMaioimiflcfi tom, hto 
oflHospeMeHHo c CMHT630M MOJieicyn 
ctjyjuiepeHOB npo«3BOAflT oTAeneHne nx ot 
cajKn. 

7. CnocoO no n. 6, OTJiMnaioiUHflcfl tom, mto 
oTAeneHMe $yjuiepeHOB ot ca>KM npoHSBOA^T 
nyTeM HcnapeHWH 4>yruiepeH0B M3 c6ophhkob 
ca)Kn npn HarpeBaHMM hx ao 700 900°C. 

8. Cnoco6 no n.6 win 7, oT/iHMaromwRcfi TeM, 
mto nocxie OTAe/ieHvin 4DynjiepeHOB npoMSBOA^T 
coop caxM, CMetuktBawT cawcy c nopoujKOM 
rpacpMTa, npeccyioT H3 oto0 cmoch HOByio 
saroTOBKy m npocyuunBatoT ee b BaxyyMe. 

9. Cnoco6 no n.8, oTnuMawu^Mklcfl TeM, mto 
npocyuMBaHne aaroTOBKM ocyiuecTBnntoT 
nocpeACTBOM ee Harpeaa b BaKyyMHoR KaMepe 

AHfl CMHT633 $yjl/iep6HOB. 

10. Cnoco6 no n.1, omkiMatoutkiklcfl tom, mto 

0AH0BP9M6HH0 C CMHT030M MO/ieiCy/l 

qSynnepeHOB npon3BOAflT nx pa3AejieHne Ha 
qSpaxijtiM no MonexyjinpHOMy Becy. 

11. Cnoco6 no n.10. omwMatomMPicfl tom, mto 
pa3A9JieHne (fjyruiepeHOB Ha c^paKijun 
npOMSBOAflT Ha KoriJieKTopax, Harperbix c 
oCpaaoBaHneM TeMnepaTypHoro rpaA^eHTa 400 
480°C. 
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